Introduction
In recent years the tectonics of southwestern Japan have been extensively studied in relation to the subduction of the Philippine Sea plate beneath this region. It has been found from the distribution of subcrustal earthquakes and the travel-time analysis that the configuration of the subducting Philippine Sea plate are quite complex (SHIONO, 1974; MIZOUE, 1977) . HIRAHARA (1981) has revealed a more detailed three-dimensional seismic velocity structure of the subducting plate using an inversion technique. It was found from these investigations that the plate appears remarkably distorted beneath the eastern Shikoku region, and the western Shikoku to the eastern Kyushu regions. The approximate location of the leading edge of the Philippine Sea plate beneath this region is shown by a thick broken line in Fig. 1 . On the other hand, SHIONO (1977) suggested that the stress state in southwestern Japan may be classified into three categories on the basis of the locations of hypocenters and focal mechanisms of crustal and upper mantle earthquakes taking place there. One is the northwestward compressional stress working at shallow depths along the Nankai trough and in the Hyuganada region, which is inferred from low-angled thrust faulting earthquakes. The stress state at subcrustal depths over an extensive region from the southern Chubu region to the Iyonada, northwestern Shikoku are characterized by systematic alignments of the tensional axis parallel to the leading edge of the subducting Philippine Sea plate (parallel extension). SHIONO (1977) and SHIONO et al. (1980) also found that the tensional axis dips westwards and is approximately parallel to the dip of an inclined seismic zone under the Kyushu Island and the northern Ryukyu arc. In the inland Kyushu region, on the other hand, tensile stress working in an N-S direction appear to prevail at a shallow crust, in view of the focal mechanism with normal faulting type of relatively large earthquakes in central Kyushu (YAMASHINA and MURAI, 1975) . Recent geodetic triangulation surveys also indicate that extensional strains in the N-S direction dominate the region (TADA,1983; GEOGRAPHICAL SURVEY INSTITUTE, 1984) . HASHIMOTO (1982 HASHIMOTO ( , 1984 attempted to model these complicated stress fields observed in southwestern Japan by applying a three-dimensional finite element method, and suggested that the extensional stress parallel to the leading edge of the plate may be caused either by the negative buoyancy acting on the distorted subducting plate, or by possible asthenospheric flows underneath the plate.
From these studies, it has been shown that local and even regional stress patterns may be closely related to the three-dimensional configuration and structure of the subducting Philippine Sea plate. Among them, the leading edge of the plate appears to play an important role in generating the complicated stress field, Fig. 2 particularly in the extreme northwest part of southwestern Japan covering the western Shikoku to northeastern Kyushu region, since this region is close to the corner of the laterally bending Philippine Sea plate. In fact, SHIONO and MIKUMO (1975) suggested that the Bungo channel earthquake of August 6, 1968 (M=6.6, h=45 km) was generated by the tensional stress working in an E-W direction, which may arise from internal deformations at the bottom of the continental lithosphere probably due to laterally bending of the oceanic plate or gravitational drag of the plate down-and northwestwards. 
Seismicity
Epicentral distribution of earthquakes with magnitudes greater than 3 that occurred in the northern to central Kyushu region during the period from January 1961 to June 1983 is shown in Fig. 2A , which is based on the Seismological Bulletin of the JMA. Different symbols and sizes indicate their focal depths and magnitudes, respectively. The focal depths have been determined by JMA at every 10 km for the period before 1982, while their accuracy increased to every 1 km after 1983. It is immediately clear that shallow earthquakes are active in central Kyushu, indicating a clear lineation along a belt-like tectonic zone which is a westward extension of the Median Tectonic Line running through the northern Shikoku region. Very shallow earthquakes are also active in the Hyuganada region, while relatively deep shocks with depths ranging from 50 to 100 km are active in the Bungo channel-Iyonada region. The focal depths of these shocks become deeper from Hyuganada to inland Kyushu, which forms a westward dipping Wadati-Benioff zone. The deepest shocks are located at depths around 160 km.
For better understanding of seismic activity at different depths, all shocks in this region are grouped into five rectangle areas, regions A-E, as shown in Fig.  2B , and projected onto a vertical cross section striking in the direction of their longer side (Figs. 3A-E). These cross sections have been taken perpendicularly to iso-depth curves of subcrustal earthquakes suggested by MIZOUE (1977) and SHIONO (1977) . It is obvious that the focal depths of the deepest earthquakes increase from the northern to southern region. It may also be seen that the dip of the Wadati-Benioff zone becomes abruptly steeper at depths around 50-70 km, particularly in sections C, D, and E, and that the seismicity at these depths is quite low, as have been pointed out by SHIONO et al. (1980) . Figure 3C (cross section C) includes the hypocenter of the August 26, 1983 Kunisaki peninsula earthquake (M=6.8, h=116 km), with a dotted circle, while the Suonada earthquake of July 13, 1979 is included in Fig. 3B . It appears that these two events occurred at the deepest portion of the Wadati-Benioff zone beneath these regions.
Next, we will discuss the faulting mechanism of several subcrustal and upper mantle earthquakes with magnitudes 6.0-6.8 indicated by arrows in Figs. 3A-E. 
Focal Mechanism of Several Other Subcrustal and Upper Mantle Earthquakes
In addition to the 1983 Kunisaki peninsula earthquake, the focal mechanisms of four other earthquakes with magnitudes around 6.0 were determined here, using JMA data together with data from the Monthly Bulletin of the International Seismological Center (ISC). The focal coordinates have been taken from seismological catalogues of JMA. We again refer to the JMA standard model to estimate the emergent angle at source, as in the previous case. The focal mechanism solutions determined for the four earthquakes are shown on the lower hemisphere of an equal area projection in Fig. 8 , and also listed in Table 1 together with the solutions for the other two earthquakes. Figure 9 shows the simplified mechanism diagrams of all the earthquakes treated in this paper. Solid and open His results also suggest that the 1968 earthquake occurred above the subducting plate. We refer to the three-dimensional seismic velocity structure in discussing the focal mechanism of events 2-6. The Suonada earthquake (event 2 in Fig. 8 ; M=6.1, h=70 km) occurred northwest of the Bungo channel earthquake, as shown in Fig. 9 , indicating a normal faulting mechanism. This event is included in section D in Fig. 10 . In other words, it appears that this event also occurred just above the top portion of the laterally bending oceanic plate. Under the regions of Shikoku and between Shikoku and Chugoku, earthquakes take place within the continental Eurasian plate as discussed in HIRAHARA (1981) . It may be reasonable to conclude that the Suonada earthquake occurred just above the interface between the subducting Philippine Sea plate and the continental Eurasian plate, and that this shock was also generated by the same mechanism as in the case of the Bungo channel earthquake.
Event 6 (M=6.0, h=40 km) occurred in the Hyuganada region, which is included in section E in Fig. 10 . The vertical cross section shows that shallow seismicity is very active around the upper boundary of a high velocity zone. A number of large thrust-type earthquakes frequently take place seaward there due to the underthrusting of the Philippine Sea plate. Event 6 occurred landward of these earthquakes at a slightly deeper depth. It is not certain, however, whether event 6 occurred within or above the subducting Philippine Sea plate, although it is located around the interface between the continental and oceanic plates. This earthquake shows a normal fault type mechanism, which is entirely different from the low-angled, thrust-type earthquakes that occurred seaward in the Hyuganada region. In this region, the subducting oceanic plate does not laterally bend, but its dip appears to change quite sharply around depths of 50-70 km (Fig. 3D) . For this reason, it is possible that this earthquake might have been generated by tensional stress working on the bottom of the continental lithosphere or the top of the oceanic lithosphere, in the direction parallel to the subduction of the Philippine Sea plate.
Events 4 and 5 occurred in section E in Fig. 10 , which indicates that the two intermediate-depth earthquakes took place within the high velocity zone corresponding to the subducting plate. Event 3 (1983 Kunisaki peninsula earthquake) occurred in the same situation as events 4 and 5, as seen in the vertical cross section C (Fig. 3C ). These three events, which occurred in northern Kyushu with intermediate depths (h=110-130 km), have high-angled thrust-type mechanisms, indicating that they were generated under the stress regime of down-dip extension caused by negative buoyancy acting on the deeper part of the downgoing slab (e.g., ISACKS and MOLNAR, 1971) . Figure 9 shows that the P-and T-axes derived from subcrustal and upper mantle earthquakes in this region indicate some systematic features. These axes for events 3-5 are shown in Fig. 11 . The stress patterns together with some features of the subducting Philippine Sea plate are schematically illustrated in Fig. 12 . The T-axes for events 2-5 are systematically aligned southwest-downwards. These features imply that the subcrust and upper mantle beneath the northern to central Kyushu region are strongly subjected to tensional stress. It is evident from cross-sectional seismicity maps along profiles A-E given in Figs. 3A-E that the focal depths of the deepest earthquakes increase steeply from the northeast to southwest profile, as has been pointed out by SHIONO et al. (1980) , indicating that the Philippine Sea plate is subducting deeper in southwestern Kyushu (about 150 km) than northeastern Kyushu (about 50 km). The difference in the penetration depth of the subducting oceanic plate will yield a southwestdownward pull due to negative buoyancy acting on the excess mass of the slab in the southwest region, and hence could explain the systematic alignment of the T-axes. Although event 2 appears to have taken place within the continental lithosphere, a strong coupling between the oceanic and continental lithospheres will produce this systematic pattern of the T-axes also for the event. On the other hand, the strikes of the P-axes for events 1-5 are almost parallel to the moving direction of the Philippine Sea plate relative to the Eurasian plate. The alignment might suggest that compressional stress in this region is dominated by the motion of the Philippine Sea plate. HASHIMOTO (1984) made a detailed finite element modeling study to explain the complex three-dimensional stress field beneath the Kyushu region, incorporating several possible loads such as slab pull and ridge push forces, asthenospheric flows, and positive buoyancies acting on a low-density crust, back-arc basin, and an aseismic ridge. One of his results clearly shows that the down-dip tensional stresses working in the deeper portion of the subducting Philippine Sea plate may be caused mainly by a slab pull force. This provides a reasonable explanation for the faulting mechanisms of events 3-5. It has also been shown in HASHIMOTO (1984) that a nearly horizontal tensile stress will be generated from possible asthenospheric flows in a gently-dipping portion of the subducting Philippine Sea plate in the direction parallel to that of the motion of the plate, particularly on the oceanic side of the eastern Kyushu region. This may be another possible explanation for the normal faulting mechanism of event 6, if this earthquake occurred within the oceanic plate. In this case, however, shear stresses are concentrated near the bending portion of the downgoing slab. This may not well explain the observed seismicity which takes place even below this portion. For this point, a different explanation would be required. The essential features of seismicity, the configuration of the Philippine Sea plate, and the stress field derived from the focal mechanism of earthquakes in southwestern Japan are summarized in Table 2 . As discussed above, it thus appears that the faulting mechanisms of the subcrustal and upper mantle earthquakes in the Zyonada, Suonada, and Hyuganada regions and the inland of Kyushu may be explained qualitatively by the threedimensional configuration and the motion of the subducting Philippine Sea plate. To investigate more detailed stress state in this region, it will be necessary to proceed with more precise hypocentral determination and analyses of the faulting mechanisms.
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